Lung cancer is the leading contributor to cancer deaths in the developing world. Within countries, significant variability exists in the prevalence of lung cancer risk, yet limited information is available whether some of the observed variability is associated with differences in the consumption pattern of local tobacco products with differing potency. We recruited 606 lung cancer cases and 606 controls from the B.P. Koirala Memorial Cancer Hospital in Nepal from 2009-2012. We estimated odds ratios (ORs) and 95% confidence intervals (CI) for lung cancer risk associated with different tobacco products, using unconditional logistic regression. Unfiltered cigarettes tended to be the most frequently used products across ethnic subgroup with about 53.7% of Brahmins, 60.1% of Chettris, and 52.3% of Rai/Limbu/Magar/others. In contrast, about 39.9% of Madishe/Tharu smokers reported using bidi compared with only 27.7% who smoked unfiltered cigarettes. Among those who only smoked one type of product, choor/kankat smokers had the highest lung cancer risk (OR 10.2; 95% CI 6.2-16.6), followed by bidi smokers (OR 5.6; 95% CI 3.6-8.7), unfiltered cigarettes (OR 4.9; 95% CI 3.4-7.2), and filtered cigarettes (OR 3.4; 95% CI 2.2-5.3). A clear dose-response relationship was observed between increased frequency of smoking and lung cancer risk across all ethnic subgroups. These results highlight the important role of traditional tobacco products on lung cancer risk in the low income countries.
Introduction
Mortality from cancer is on the rise, particularly among low and middle income countries around the world (WHO, 2012) . Of the estimated 8.2 million deaths globally attributed to cancer, approximately 70% occurred in low and middle income countries (IARC, 2012) . In most of these areas, lung cancer is the leading contributor to cancer deaths accounting for an estimated 1.59 million deaths (IARC, 2012) . Majority of these cases are related to tobacco smoking, which accounts for roughly 22% of global cancer deaths and 71% of lung cancer deaths (IOM, 2007; WHO, 2012) . However, there is considerable variability in the type of tobacco products used, particularly in the low income countries. With a projected increase in lung cancer in the region, understanding the lung cancer risk associated with these local tobacco products is important to inform more meaningful and culturally competent intervention strategies (Bhagabaty et al., 2015; D'Souza et al., 2013; Thapa and Sayami, 2014) .
Lung cancer is the most common cancer in both males and females in Nepal -one of the poorest countries in the world with 30 million people -accounting for 20% of all cancer cases (Binu et al., 2007; Pradhananga et al., 2009; World Bank, 2012) . Nepalese men are known to smoke more frequently and for longer duration compared to women (Chawla et al., 2010; Noronha et al., 2012) . Approximately, 52% of Nepalese men smoke some form of tobacco products, while 13% of women reported smoking tobacco (ICF International, 2012) . The most common used tobacco product in Nepal is filtered cigarettes accounting for approximately 30% of male smokers (ICF International, 2012 ). But there is considerable variation in female smoking prevalence across race and ethnicity as well as geographic areas. This variability in female smoking prevalence is linked to how smoking is perceived across the subgroups. Among Brahmins, smoking by females is considered socially unacceptable in contrast to Rai/Limbu/Magar/Other where smoking by females is more acceptable. In addition to the differences in smoking prevalence across ethnic subgroups, there is considerable difference in the type of local tobacco products consumed by these subgroups. Limited work has been conducted in Nepal, while an increasing body of literature suggests that the potency of these local tobacco products is not similar in neighboring India (Jayalekshmy et al., 2008; Prasad et al., 2009; Prasad et al., 2010; Pednekar et al., 2011; Noronha et al., 2012) . For example, several studies in India have shown that bidi smoking is associated with higher risk of lung cancer risk compared to commercial cigarettes (Notani and Sanghvi, 1974; Notani et al., 1977; Jussawalla and Jain, 1979; Dikshit and Kanhere, 2000; D. Gupta et al., 2001; Prasad et al., 2010; Ganesh et al., 2011) . Smokers in Nepal use additional loose tobacco that they hand roll into a cigarette, commonly locally referred to as choor/kankat and cancer potency of such products remain unknown.
In this paper, we used data from hospital-based case control study from Nepal to i) quantify lung cancer risk associated with local tobacco products that are commonly used in Nepal (bidi and choor/kankat) versus commercial tobacco smoking (filtered and unfiltered cigarettes) and ii) investigate if the observed racial/ethnic differences in lung cancer risk in Nepal is associated with the differences in type of local tobacco product used.
Materials and Methods
A hospital-based case-control study was conducted at the B.P. Koirala Memorial Cancer Hospital (BPKMCH), located in the city of Bharatpur, Chitwan District, Nepal, from November 2009 through December 2012. Located 150 kilometers southwest of Kathmandu, BPKMCH is the major cancer hospital in Nepal. The details regarding participant recruitment and biological sample collections have been described previously (Hashibe et al., 2011) . In brief, 606 incident lung cancer cases and 606 controls were recruited from the hospital after receiving informed consent.
The inclusion criteria for a lung cancer case were: 1) 18 years of age or older 2) resident of Nepal for at least five years and 3) admitted to BPKMCH. The eligible cases were recruited as soon as possible following lung cancer diagnosis with a target interval of one day and a maximum interval of 4 weeks. A trained medical staff reviewed medical records to extract relevant diagnostic information, including the date and method of diagnosis, histological type, tumor location, stage, and grade. Final diagnosis of lung cancer was confirmed with histological, cytological, or X-ray based evidence. The control population was selected from various hospital visitors to frequency match the distribution of the case population by age (+/-) 5 years, sex, ethnicity, and residence. The controls were visitors at BPKMCH excluding family members of participating lung cancer cases. Prior to field implementation, standardized lifestyle and food frequency questionnaires were translated into Nepali language by native speakers and pilot tested in the field. Locally trained interviewers collected information on demographic characteristics, education, residential mobility throughout lifetime, type of cooking and heating fuel used at each residence, occupational history, and family history of cancer. The study was approved by the Institutional Review Board at the University of Utah, University of Maryland as well as the Government of Nepal (Nepal Health Research Council).
Tobacco use data was derived from questionnaires completed immediately following participant enrollment. Participants were asked if they have smoked more than 100 cigarette/bidi/kankat/choor over their lifetime. Nonsmokers are classified as those who answered "no" to the aforementioned question and non-smokers are used as the reference group during analysis. If answered "yes", the participant then reported the age of starting and stopping (if appropriate) and quantity used per day for each type of tobacco product individually. We computed a lifetime profile of smoking habits based on duration and frequency of each type of tobacco products used. Furthermore, these profiles were categorized to reflect single vs. multiple product users. The type of tobacco products included: filtered cigarettes, unfiltered cigarettes, bidi, and choor/ kankat. The last category (choor/kankat) is loose local tobacco products that individuals wrap themselves. Dichotomous variables were created to reflect the use of each type of tobacco products. A variable reflecting duration and frequency of smoking was created for each product type [PACKYEARS = reported duration of smoking in years x frequency of smoking / 20]. These product specific PY variables were summed to generate total pack years.
In addition, we also computed exposure to household air pollution derived from solid cooking fuels (HAP) based on residential history and type of fuel used for cooking at each residence. We calculated a composite index of SES using scores for level of education, household income, and crowdedness (number of individuals living per room) as previously described (Ghosh and Ghosh, 2009; Sapkota et al., 2008) .
We used unconditional logistic regression to estimate the odds ratios (ORs) and 95% confidence intervals (95%CIs) for lung cancer risk associated with different traditional and commercial tobacco products and duration of tobacco use. The models were adjusted for sex (male/ female), ethnicity, zone of residence, age, HAP index, and SES index. These potential confounding variables were chosen based on prior literature documenting their influence on lung cancer risk and smoking habits. We considered adjusting for family history of lung cancer to account for the influence of genetic susceptibility. However, only two individuals in the study reported a family member with lung cancer and in both instances the family members were smokers.
Results
The demographic characteristics of the study participants are provided in Table 1 . In this study, males accounted for 56% of the total study population compared to 44% for females. In general, cases tended to be slightly older and less educated compared to controls. The vast majority of both cases (88%) and controls (91%) were Hindus. The largest ethnic groups for cases were Chettri, Brahmin, Magar, and Madishe (20.5%, 19.3%, 17.3%, and 10.1% respectively). In comparison, the largest control groups were Brahmin, Chettri, Madishe, and Magar accounting for 25.2%, 17.2%, 12.9%, and 7.4% of the control population respectively. The largest difference between cases and controls observed in this study was in the Magar caste, accounting for 17.3% of cases but only 7.4% of the controls. About 23.7% of cases and 29.7% of controls are classified as "other". Ethnic groups not included in the questionnaire include Janajati and Dalit groups as well as other smaller sub-populations not captured by the questionnaire options.
Overall, the average years of tobacco use was 40.3 years. Compared to controls, lung cancer cases smoked tobacco longer (mean in years: 55.2 vs. 25.5; p-value<0.001) and more frequently (PY: 30.4 vs. 17.6; p-value<0.001). We observed variation in smoking prevalence and type of tobacco products used within ethnic subgroups (Table 2 ). Ethnic subgroups were combined based upon cultural and geographical similarities. Across all subgroups, unfiltered cigarettes was the most frequently used tobacco product, with prevalence ranging from 60.1% of Chettri to 52.3% of Rai/Limbu/Magar/Other. A noted exception to this was the Madishe/Tharu group for whom the predominant tobacco product was bidi (39.9%) followed by unfiltered cigarettes (27.7%).
Not surprisingly, ever smokers had an increased risk of lung cancer when compared to those who reported never smoking (OR 4.95; ). We observed increased lung cancer risk among females compared with males (OR 1.76; 95%CI 1.34-2.36) and older participants (OR 1.05; 95%CI 1.03-1.06). Furthermore, we observed a decreasing lung cancer risk as SES increased (OR 0.76; 95%CI 0.66-0.87). Overall, all types of tobacco product usage were independently associated with increased lung cancer risk compared with non smokers (Table 3) . Specifically we observed highest product specific risk for choor/kankat (OR 11.2; 95%CI 6.6-19.3) followed by bidi (OR 6.1; 95%CI 4.2-9.1), unfiltered cigarettes (OR 5.6; 95%CI 3.9-8.1), and filtered cigarettes (OR 4.2; 95%CI 2.8-6.2) when compared to non smokers. Across ethnic subgroups, all tobacco products were associated with an increased lung cancer risk compared with non-smokers; however, the degree of the association varied by ethnic subgroup. Among Brahmins the highest product specific OR was observed for choor/kankat, followed by bidi and unfiltered cigarettes [OR (95%CI) 11.7 (5.0-27.4), 10.9 (5.1-23.1), 9.2 (4.5-18.7) respectively]. Chettri, Madishe/ Tharu, and Rai/Limbu/Magar/Other groups showed similar patterns with the highest product specific ORs observed for choor/kankat [OR (95%CI) 9.1 (3.5-23.4), 14.1 (5.6-35.9), and 6.9 (3.6-13. We conducted sub analysis where multiple product users were assigned to a single product that was used for the longest duration. This did not change our overall findings significantly. Similarly to the previous analysis, the highest product specific ORs were observed for choor/ kankat (OR 10.2; 95%CI 6.2-16.6) followed by bidi (OR 5.6; 95%CI 3.6-8.7) and unfiltered cigarettes (OR 4.9; 95%CI 3.4-7.2). We observed the similar product specific effects when stratified across all ethnic subgroups. We detected associations between the number of tobacco products used and lung cancer risk (Table 4) . Lung cancer risk appeared to increase linearly with number of tobacco products consumed, with a noted exception for Madishe/Tharu groups (Table 4) . Overall, the highest observed OR was for those who reported using 3 or more types of tobacco products (OR 7.0; 95%CI 4.3-11.4) compared with non smokers. Similar trends were observed for every ethnic group with highest lung cancer risk among those reporting using 3 or more types of tobacco.
To investigate if the frequency and duration of smoking has a different effect across the ethnic subgroups, we stratified the analysis for tobacco PY and lung cancer risk by ethnicity (Table 5) . Within each group, we detected exposure-response relationships between the tobacco PY and the risk of lung cancer (Ptrend<0.001). We observed potential variability in the strength of association across ethnic subgroups. For example, the effect estimate for the highest exposure group (30+ PY) varied from 9.1 (CI 4.7-17.9) for Rai/Limbu/Other group to 23.7 (CI 9.5-59.2) for Brahmin group.
Discussion
We analyzed data from a hospital based case-control study of lung cancer in Nepal to investigate possible differences in lung cancer risk across different ethnic subgroups with differences in smoking prevalence as well as the specific types of tobacco products consumed.
We observed significant differences among the type of tobacco used by ethnic subgroups. Large percentages of Brahmin, Chettri, and Rai/Limbu/Magar/Other smokers used unfiltered cigarettes compared to Madishe/Tharu smokers who tended to use bidi. Analysis focused on product specific effects showed those using choor/kankat had the highest risk followed by bidi and unfiltered cigarettes. The differences observed between those smoking multiple types of tobacco products may be driven by underlying social and cultural perceptions held by the specific group.
A clear exposure-response relationship was observed, both for number of tobacco smoked and tobacco-PY and lung cancer risk. This association persisted across ethnic subgroups. One surprising finding is the strength of association for duration of tobacco used and lung cancer risk across the ethnic subgroups. For the longest duration of exposure, the strongest effect was observed among Brahmins, although their prevalence of consumption for the two highest risk products (choor/kankat and bidi) was lower than the other groups. This is consistent with the product specific risk (Table 3) as well as the risk associated with number of tobacco products smoked.
There are several strengths of this study. This is the first study to provide local tobacco specific risk estimates on lung cancer risk among a very diverse and underserved population in Nepal. The relatively large sample size allowed us to look at product specific risk. There are some limitations associated with our study as well. Mainly, complete independence was not achieved within the product specific tobacco categories. Our aim was to identify the product specific lung cancer risk. Secondly, the information regarding the tobacco types were assessed using a questionnaire, so potential recall bias cannot be ruled out. Even though it may be difficult to directly compare all types of tobacco smoking, we can reasonably conclude that smoking traditional tobacco products increases the risk of lung cancer more dramatically when compared with the non smoking population.
The implications of such results reinforce the dangerous health concerns surrounding smoking in low income countries. More precisely, those who smoke traditional or local types of tobacco products are at a higher risk for lung cancer when compared to other types of tobacco smoking and non smoking groups. The explanation of these differences may lie in the industrial processing of commercial tobacco compared to locally grown tobacco or that people may smoke traditional tobacco products more frequently due to misplaced perceptions of safety. Filtering of commercial cigarettes may play a role as well, but does not fully explain the commercial unfiltered cigarettes. While all tobacco products are harmful, our results show that the relative potency of the tobacco products is different. While risk perception is relatively high surrounding the role of tobacco and lung cancer, risk perception about other health effects, namely heart disease and other cancers, related to tobacco use is comparatively low which allows room for improved health messaging surrounding tobacco use (B. Gupta and Johnson, 2014a; 2014b; Peltzer and Pengpid, 2014) . This comprehensive evaluation of various tobacco products and smoking habits within ethnic groups in Nepal is the first of its kind and further research is needed to investigate the cultural and social norms driving differential tobacco use.
In summary, some variation was observed between types of tobacco used across ethnic groups. Similarly, a marked variability was observed in the potency of local tobacco products, particularly choor/kankat. Our findings suggest these cheaper products that smokers buy in bulk and roll themselves are more harmful. This poses a particular challenge since the extensive warning signs that have been used in the packaging materials to warn against the harm of tobacco products are not applicable for such loose products. A separate intervention strategy is warranted to warn users of such cheap local products, who are more likely to be of low SES even by the LMIC standards.
